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10 This invention pertains to methods and apparatus for drilling for 

petroleum. 

More particularly, the invention pertains to a petroleum drilling method and 
apparatus that utilizes a hollow drill pipe and utilizes a drill bit at the lower end of the 
drill pipe to bore a hole in the ground. 

15 In a further respect, the invention pertains to a petroleum drilling method 

and apparatus that circulates an aqueous fluid composition, or "drilling mud", 
downwardly through the drill pipe and back up through the hole bored by the drill bit. 

In another respect, the invention pertains to a petroleum drilling method 
and apparatus of the type described that greatly reduces the quantity of water typically 

20 utilized during the drilling of a petroleum well. 

In still another respect, the invention pertains to a petroleum drilling 
method that, in contrast to conventional drilling methods, processes drilling mud to 
produce water that typically can be safely broadcast adjacent the well, can be used to 
water livestock, or can be stored in deep water injection wells. 

25 When a petroleum well is drilled, about 80,000 to 250,000 gallons of 

water are consumed. This large water consumption creates significant problems. For 
example, when petroleum wells are drilled in certain areas in the province of Alberta, 
Canada, there is little available water. Consequently, water must be trucked in, often 
over distances of hundreds of miles. Trucking water is costly. More importantly, once 

30 water is incorporated as a component of drilling mud, the water is contaminated either 
with clay and/or with other additives that are used to facilitate the drilling process. A 
variety chemicals are used as additives in drilling mud. Such additives can include, by 



way of example and not limitation, floculants, surfactants, diesel fuel (inverted drilling 
muds), and kerosene (inverted drilling muds). 

There appears presently to be no satisfactory process for economically 
and quickly cleaning water that has been incorporated in a drilling mud. It is 
advantageous to clean the water because it is difficult to dispose of drilling mud. The 
5 additives in drilling mud often are toxic and ordinarily make the drilling mud unsuitable 
to broadcast on the land adjacent the petroleum well. 

One solution to the problem of disposing of drilling mud is to truck the 
drilling mud to a disposal site. Such disposal sites often are hundreds of miles away 
and the cost of trucking the drilling mud is substantial. And, there is never any 
10 guarantee that thousands of gallons of drilling mud deposited of at such disposal sites 
will not eventually contaminate the ground water. This solution is not environmentally 
friendly. 

Another solution to the problem of disposing of drilling is to place drilling 
mud in large holding tanks that permit particulate in the drilling mud to settle out to 

15 produce water having fewer contaminants. One disadvantage of this solution is the 
cost of erecting and manning large settling ponds or tanks. Another disadvantage of 
this solution is that it may take years for clay and sands to settle out of the water. A 
further disadvantage of this solution is that some submicron materials never settle out 
and that such submicron materials prevent the water from being disposed of in deep 

20 water injection wells because the materials block or clog the wells. Still another 
disadvantage of the this solution is that some other toxic chemicals may not settle out 
of the water. This solution also is not particularly environmentally friendly. 

In sum, current solutions for treating or disposing of toxic drilling mud 
appear too costly, are too time consuming, can not be utilized at the drilling site, and 

25 are not environmentally friendly. 

The problem of disposing of drilling mud has long been a serious problem 
and is becoming more so because of water shortages and because of a general 
emphasis on minimizing environmental pollution and on minimizing cancer, other 
diseases, and other negative influences directly associated with environmental 
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pollution. 

Accordingly, it would be highly desirable to provide an improved method 
and apparatus for processing drilling mud used and produced during the drilling of 
petroleum wells. 

Therefore, it is a principal object of the invention to provide an improved 
5 method and apparatus for drilling for petroleum. 

A further object of the invention is to provide an improved method and 
apparatus that greatly reduces the volume of water consumed during the drilling of a 
petroleum well. 

Another object of the invention is to provide an improved petroleum 
10 drilling method and apparatus that quickly and inexpensively processes drilling mud. 

Still a further object of the invention is to provide an improved petroleum 
drilling method and apparatus that produces a water by-product having a purity 
sufficient to permit the water to be disposed of in a deep water injection well, to be 
disposed of by broadcasting the water on the ground adjacent the drilling site, to be 
15 utilized as livestock drinking water, or to be reused during the drilling process. 

These and other, further and more specific objects and advantages of the 
invention will be apparent from the following detailed description of the invention, taken 
in conjunction with the drawings, in which: 

Fig. 1 is an elevation partial-section view illustrating a petroleum drilling 
20 system constructed in accordance with the principles of the invention; 

Fig. 2 is a section view of a petroleum settling tank utilized in one 
embodiment of the invention; 

Fig. 3 is a perspective partial section view of a particle separation 
apparatus used in the petroleum drilling system of the invention; and, 
25 Fig. 4 is a front elevation partial section view of a preferred particle 

separation apparatus used in the petroleum drilling system of the invention. 

Briefly, in accordance with my invention, I provide an improved method 
for drilling for petroleum. The improved method includes the steps of erecting a derrick 
assembly on the ground; mounting a drill on the derrick assembly, the drill including a 
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hollow drill pipe having an upper end and a lower end and a drill bit attached to the 
lower end; mounting a rotary assembly at the derrick assembly to provide motive power 
to rotate the drill bit; mounting a drilling mud circulation system at the derrick assembly 
to direct drilling mud into the upper end of the drill pipe, down through the drill pripe, out 
the lower end of the drill pipe, and up through a hole in the ground to produce auxiliary 
5 drilling mud containing drill bit cuttings; providing a source of drilling mud for the 
circulation system, the mud comprising water and at least one additive selected from 
the group consisting clay and auxiliary chemical additives to facilitate drilling; and, 
erecting a first particle separation apparatus. The particle separation apparatus 
includes a wall defining a separation chamber; a feed orifice formed in the chamber; 

10 a rotary distributor in the chamber provided with a rotating distribution disk system 
including an upper surface; a system for rotatably driving the rotary distributor; an outlet 
formed in the wall; an open toroidal-shaped particle circulation space intermediate the 
disk system and the outlet and circumscribed by a portion of the wall, the outlet opening 
into the toroidal-shaped space; and, a charging system. The charging system is 

15 operatively associated with the drilling mud circulation system for charging auxiliary 
drilling mud through the orifice into the separation chamber toward the rotary distributor 
such that the auxiliary drilling mud, at least in part, impinges the upper surface. The 
rotary distributor provides the motive power to move at least a portion of the auxiliary 
drilling mud outwardly over the upper surface and into the chamber away from the 

20 rotary distributor, to move a first portion of the auxiliary drilling mud over the upper 
surface and into the chamber in a primary continuous helical path of travel away from 
the rotary distributor and the orifice through the toroidal-shaped space toward and into 
the outlet; and, to move a second portion of the auxiliary drilling mud in a secondary 
recirculating helical path of travel away from the rotary distributor and the orifice 

25 through the toroidal-shaped space toward the outlet and away from the outlet back 
toward the rotary distributor. The method also includes the steps of rotating the drill 
into the ground with the rotary assembly to form the hole in the ground and produce drill 
bit cuttings in the hole, the hole having a top and a side; circulating drilling mud with the 
mud circulation system along a path down into the upper end of the drill pipe, through 
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the drill pipe, out the lower end of the drill pipe, up through the hole intermediate the 
drill pipe and the side of the hole, and out through the top of the hole to produce 
auxiliary drilling mud; and, transporting the auxiliary drilling mud to the charging system. 
The charging system directs the auxiliary mud through the orifice into the separation 
chamber toward the rotary distributor such that the auxiliary drilling mud, at least in part, 
5 impinges the upper surface. 

Turning now to the drawings, which depict the presently preferred 
embodiments of the invention for the purpose of illustrating the practice thereof and not 
by way of limitation of the scope of the invention, and in which like reference characters 
refer to corresponding elements throughout the several views, Fig. 1 illustrates a drilling 

10 system generally indicated by reference character 10. The system includes a derrick 
assembly generally indicated by reference character 11 and including a derrick 12. 
Crown block 13 and traveling block 47 are mounted on derrick 12. Hoisting drum 44 
reels cable 46 in and out to control the elevation of traveling block 47 and to control the 
elevation of the upper end of mud hose 29. Mud pump 35 draws drilling mud from mud 

15 pit 34 through conduit 41 and into hose 29. Mud pump motor 36 provides motive power 
to operate pump 35. Valve 37 in hose 29 is open and valve 38 ordinarily is closed 
when pump 35 is directing drilling mud into hose 29. Drilling mud can, if desired, be 
drawn from pit 34 through conduit 39 in the direction of arrow T to the particle 
separation apparatus that is illustrated in Figs. 3 and 4 and that is located on site as a 

20 part of the drilling system of Fig. 1 . After being treated by the apparatus in Figs. 3 or 
4, the resulting water can, if desired, be directed back into mud pit 34, can be directed 
in the direction of arrow Q through conduit 40 and open valve 38 into hose 29, can be 
broadcast on the ground 45 around the drilling assembly, can be (if appropriate) 
provided as drinking water to livestock, can be injected into a deep water injection well, 

25 can be used as irrigation water, etc. 

The particle separation apparatus of Figs. 3 and 4 can, instead of being 
located on site, be located at a central site or other site. Drilling mud or other fluids 
produced during drilling or maintenance of petroleum or other wells can be transported 
to the central site to be processed by the apparatus of Figs. 3 and/or 4. An example 
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of another fluid that can be processed with the apparatus of Figs. 3 and/or 4 is 
swabbing water. After a petroleum well has been drilled to a desired depth, the casing 
is installed, the lower end of the casing is seal, and a plurality of small openings are 
formed in the lower end of casing wall to permit oil or another petroleum composition 
to flow into the casing. Over time these openings tend to become plugged, either with 
5 particulate or by the formation of rust. When the openings are plugged, the lower end 
of the casing is cleaned by swabbing or by coil tube cleaning. Both of these cleaning 
procedures are well known. Some wells are cleaned frequently, two to three times a 
week or more. Swabbing involves using a cleaning tool that includes cups that each 
have the shape of a suction cup and that function to capture and carry particulate up 

10 the casing back to the top of the casing when the tool is withdrawn from the casing. 
The cleaning tool is inserted in the casing, lowered to the lower end of the casing, and, 
after a cleaning fluid comprising at least water and soap is directed into the lower end 
of the casing, is moved about in the lower of the casing to remove rust and other 
particulate from the inside of the casing and from the small openings formed through 

15 the lower end of the casing wall. The water that remains after this cleaning process or 
the coil tube cleaning process is completed is called swabbing water. While the 
composition of swabbing water can vary, swabbing water typically includes water, 
surfactants, acids, rust particles, clay, sand, and shale chips. 

Rotary table 28 rotates hollow drill pipe 48 and drill bit 19 in conventional 

20 fashion to bore a hole 41 in the ground 45. Motor 57 provides motive power for table 
28. Bit 19 produces cuttings 40 as it bores through ground 45. 

Drilling mud from hose 29 flows under pressure down into the upper end 
of pipe 48, through pipe 48, out the lower end of pipe 48 into the lower end 54 of hole 
41, upwardly between pipe 48 and the inner generally cylindrical side of hole 41, and 

25 out through the upper end 55 of hole 41 onto table 32. The portion of table 32 nearest 
pipe 48 includes a screen that permits slurry or fluid to travel downwardly through the 
screen in the direction of arrow R into mud pit 34. The larger particles 33 continue 
down table 32 onto ground 45 or to some other desired location or container. 

The casing pipes 42, 43 ordinarily are installed after the hole in the 
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ground 45 is fifty to five hundred feet deep. During the first fifty to five hundred feet, the 
ground can consist primarily of sand. The sand can pack and block the travel of drilling 
mud upwardly intermediate pipe 48 and the side of hole 41. One approach used to 
solve this problem is to mix bentonite clay with water to produce the drilling mud. The 
clay swells and facilitates the upward travel of drilling mud intermediate ipie 48 and the 
5 side of hole 41 . The clay also functions to seal the sand so the drilling mud will travel 
upwardly and so that the loss of water into the ground surrounding hole 41 is 
minimized. 

Drilling mud as used herein means a fluid consisting of water in 
combination with (1) drill cuttings or other material that enters the mud while the mud 
10 flows outwardly from pipe 48 and upwardly intermediate pipe 48 and the side of hole 
41, (2) bentonite clay, and/or (3) other additives that facilitate the drilling process. 
Surfactants, floculants, diesel fuel, kerosene and other well known chemical 
compositions are additives that can be incorporated in the drilling mud to facilitate the 
drilling process. 

15 Before drilling mud that exits upwardly through end 55 of hole 41 is 

prcoessed with the particle separation apparatus of Figs. 3 and 4, the mud ordinarily 
is permitted to pass over the screen in table 32 to remove large particles from the 
drilling mud that travels downwardly in the direction of arrow R in Fig. 1. One 
advantage of the particle separation apparatus of Figs. 3 and 4 is that, if desired, the 

20 drilling mud can be directed directly into the particle separations apparatus without first 
removing the larger particles therefrom. It is preferred, however, to remove the larger 
drill cuttings and other particles before the drilling mud is processed with the apparatus 
of Figs. 3 and 4. 

The particle separation apparatus 100 of Fig. 3 includes a wall defining 
25 a particle separation chamber 17, and orifice 18 formed in chamber 17 for charging a 
selected quantity of liquid slurry material through orifice 18 in the direction indicated by 
arrow S1 into chamber 17 to impinge the upper surface 21 a disk assembly 25. Disk 
assembly 25 includes disk 20 and disk 26. Disk 20 includes lower circular surface 27 
and is fixedly secured to hollow rotating shaft 19. Disk 26 is connected to disk 20 by 
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a plurality of spaced apart pins 22. Shaft 19 passes through a concentric aperture 41 
that is formed through the center of disk 26. Shaft 19 does not contact disk 26. Disks 
26 and 27 rotate simultaneously with shaft 19 and, when apparatus 100 is used in 
conjunction with apparatus 200 (Fig. 4), with disks 80, 81 , 82. Shaft 1 9 is journalled for 
rotation in bushing or seal unit 23. A driven belt or other means (not shown) is provided 
5 for rotating shaft 1 9 in the direction of arrow A in fixed chamber 1 7 (or in fixed chamber 
67). When shaft 19 rotates disks 80 to 82 in chamber 67, a vacuum is generated in 
chamber 67 that tends to draw material into the lower end of hollow tubing 19 in the 
direction of arrow S5. Material drawn into tubing 19 in the direction of arrow S5 exits 
the upper end of tubing 19 in the manner indicated by arrow S50 in Fig. 3, and, when 

10 it is elected to utilized apparatus 1 00 in conjunction with apparatus 200, exits the upper 
end of tubing 19 in the manner indicated by arrows U and V in Fig. 4. 

Drilling mud or any other desired fluid directed through orifice 18 in the 
direction of arrow S1 impinges upper surface 21 and lower surface 21 A of disk 26 and 
also impinges the upper surface of disk 20 The drilling mud that impinges the upper 

15 surfaces of disks 20 and 26 is outwardly radially distributed by rotating disks 20 and 26 
in the manner indicated by arrows S2 and S3. Drilling mud outwardly distributed in the 
direction of arrows S2 and S3 ordinarily strikes the cylindrical wall of chamber 17 and 
moves downwardly along a helical path of travel in the direction of arrow S4. As the 
drilling mud moves downwardly in the direction of arrow S4, the mud follows a helical 

20 path that moves through open toroidai-shaped particle circulation space 40 and 
circumscribes the longitudinal axis 50 that defines the vertically oriented centerline of 
rotating tubing 19 and stationary tubing 16. Toroidal-shaped space 40 lies intermediate 
disk assembly 25 and the particle outlet comprised of hollow concentric opening 14 and 
spaced apart tubes 15, 16. Space 40 (Fig. 4) is circumscribed by a portion of the 

25 cylindrical wall 71 of chamber 17. In the practice of the invention, it is preferred that at 
least the peripheral areas of space 40 be open and unobstructed so that drilling mud 
distributed by disk assembly 25 has free primary helical paths of travel along which to 
move as the material descends downwardly from the disk assembly 25 in an ever 
tightening spiral toward the particle outlet comprised of opening 14, and tubes 15, 16. 
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Similarly, the toroidal-shaped space 40 must permit drilling mud to move along 
unobstructed primary helical paths of travel from disk assembly 25 in the direction of 
arrows S4 and S5 into the lower end of tubing 19. 

A secondary recirculation path is illustrated in Fig. 4 by arrows 50, 60, 70. 
Drilling mud particles (liquid slurry) in the secondary helical path move downwardly in 
5 the direction of arrow 50 in a converging helical path which spirals around a vertical axis 
the is coincident with the vertically oriented center lines of tubing 19 and tubing 16. 
Once the particles (liquid slurry) reach a position proximate tubes 15 and 16, the 
particles begin to move upwardly in the direction of arrow 60 in a helical path around 
said vertical axis. Once the particles reach a position proximate rotating disk 20, the 

10 surface 27 and/or the boundary layer on surface 27 imparts energy to the particles and 
causes them to move outwardly in the direction indicated by arrows 70. After the input 
of drilling mud through orifice 18 is discontinues, a portion of the drilling mud continues 
to move along a secondary recirculation helical path like the path illustrated in Fig. 4, 
and the chamber 17 does not completely purge itself of drilling mud. 

15 In Figs. 3 and 4, tubes 14, 15, 16 extend directly into space 40, which 

facilitates the travel of slurry material from disk assembly 25 through space 40 directly 
into opening 14 and tubes 15 and 16 in the manner indicated by arrows S6, S7, S8, 
respectively. As used herein, the term "greater fraction" shall indicate a quantity or 
fraction of liquid slurry that contains a plurality of particles that are either of a greater 

20 size or greater specific gravity than a plurality of particles which are found in another 
quantity of liquid slurry which comprises a "lesser fraction". Consequently, a greater 
fraction of slurry will usually weigh more than a lesser fraction of slurry. The material 
flowing into opening 14 intermediate the walls of opening 14 and tube 15 is a greater 
fraction of the liquid slurry than the material flowing through tube 15 intermediate the 

25 wall of tube 15 and the wall of tube 16. The material flowing intermediate the walls of 
tubes 15 and 16 is a greater fraction of the liquid slurry than the material flowing 
through tube 16 in the direction of arrow S8. Ordinarily, the material flowing through 
tube 1 9 in the direction of arrow S5 is a lesser fraction of the slurry than is the material 
flowing through tube 16 in the direction of arrow S8. When the drilling mud or other 
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material processed by apparatus 100, 200 contains a gas, the gas can, if desired, be 
removed through tube 19 along with little or no liquid or particulate. Or, the drilling mud 
flowing through tube 19 in the direction of arrow S5 can consist primarily of water with 
a substantial portion of the clay and other particulate having been removed through 
opening 14 and tubes 15 and 16. 
5 The cross-sectional inner hollow area of orifice 18 can vary as desired, 

as can the cross-sectional inner hollow areas of opening 14 and tubes 15, 16, 19. 

Apparatus 100, 200 need not be in the vertical orientation illustrated in 
Fig. 4. Apparatus 100, 200 can be horizontally oriented or can be canted in any desired 
orientation. 

10 Toroidal-shaped space 40 can be conically shaped, donut shaped, or any 

other desired shape that permits drilling mud or another material distributed by disk 
assembly 25 to follow an unobstructed helical path of travel as the slurry moves 
downwardly toward opening 14 and tubes 15 and 16. Hollow tube(s) 51 can be 
concentrically positioned in and spaced apart from tubing 19. The length of tube 51 is 

15 approximately equal to the length of tube 19 in Fig. 3. When tube 51 is inserted in 
tubing 19, tube 51 can be utilized to remove particulate which is finer than particulate 
passing intermediate the inner surface of tube 19 and tube 15. 

Apparatus 100 includes circular panel shaped top 73 and lower conical 

side 72. 

20 In Fig. 4, apparatus 200 is, as can be seen, generally equivalent in shape 

and dimension to apparatus 100, although the shape and dimension of apparatus 200 
with respect to apparatus 100 can vary as desired. Apparatus 200 includes circular 
panel shaped top 73A, cylindrical side or wall 71 A, and conical portion 72A. Opening 
64 and tubes 65 and 66 are provided at the top of apparatus 200. The upper end of 

25 hollow tubing 19 is fixedly secured to circular disk 80. A circular opening (not visible) 
is formed through disk 81 in the same manner that circular opening 41 is formed 
through disk 26. A central opening can, if desired, also be formed through disk 82. But 
disk 82 presently preferably is solid so that at least some of the material exiting the 
upper end of tubing 19 flow into disk 82 and disk 82 functions to impart rotational 
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energy to the material and to outwardly radially disperse the material. 

A plurality of pins 84 secure disk 81 to disk 80 in the same manner that 
pins 22 secure disk 20 to disk 26. A plurality of pins 83 secure disk 82 to disk 81 in the 
same manner that pins 22 secure disk 20 to disk 26. The functioning of disks 80 to 82 
and the flow patterns of material in apparatus 200 is generally equivalent to that of 
5 disks 20 and 26 and to the flow patterns in apparatus 100 except that fractions of 
material do not flow into tubing 19. 

A particular advantage of the stacked apparatus 100-200 of Fig. 4 is that 
it facilitates the throughput of larger quantities of drilling mud and also facilitates the 
separation of various sizes of particulate or of liquids having a different specific gravity 
10 than that of water. If the difference in specific gravity between two materials is at least 
0.05, then the apparatus of Figs. 3 and 4 typically can be used to separate the two 
materials. 

Another advantage of the stacked apparatus of Fig. 4 is that it can remove 
a variety of materials from water in a single pass through the apparatus, facilitating a 

15 rapid throughput of material. Typically about at least one hundred to two-hundred and 
fifty gallons per minute of drilling mud can be processed by the apparatus of Fig. 4. If 
desired, apparatus 100 can be utilized alone, and not in conjunction with apparatus 
200. However, the stacked apparatus 100-200 is compact, provides advantages in 
rapidly and efficiently separating from water a plurality of fractions containing materials 

20 of various size and specific gravity, and provides the advantage that the vacuum 
drawing material into tubing 19 in the direction of arrow S5 is generated by the 
apparatus 200 that also separates into additional fractions the material drawn into 
tubing 19. 

One factor contributing to the efficiency of stacked apparatus 100, 200 
25 is that material entering tubing 19 is rotating, continues to rotate while it travels through 
tubing 19 to apparatus 200, and is rotating when it exits the upper end of tubing 19 in 
the directions indicated by arrow U and V. 

A further factor contributing to the increased efficiency of stacked 
apparatus 100, 200 is that disks 20, 26, 80-82 each rotate in the same direction and 
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each disk functions to impart energy to material in the stacked apparatus 100, 200. 

Consequently, stacked apparatus 100, 200 is preferred overside-by-side 
units 100 and over individual units 100. Stacked apparatus 100, 200 is one important 
aspect of the invention. 

While the shape and dimension of apparatus 100, 200 can, as noted, vary 
5 as desired, the following dimensions are presently preferred. The angle of cant A of 
walls 72 and 72A is preferably in the range of sixteen degrees to sixty-nine degrees. 
The diameter C of cylindrical walls 71 , 71 A is preferably from three and one-half inches 
to twenty-four inches. The height B of cylindrical walls 71, 71 A is preferably in the 
range of four inches to thirty-six inches. The inside diameter D of openings 14, 64 is 
10 preferably in the range of four inches to three-eighths of an inch. The inside diameter 
of tube 15 is preferably in the range of three and one-half inches to one-half of an inch. 

The height F of conical sides 72, 72A is preferably in the range of four 
inches to thirty six-inches. In particular (when C is twenty-four inches), when angle A 
is forty-five degrees, the height F is in the range of ten to fourteen inches, preferably 
15 twelve inches. When angle A is sixty-nine degrees, the height F is in the range of four 
inches to eight-inches, preferably six inches. When angle A is sixteen degrees, the 
height F is in the range of thirty inches to forty inches, preferably thirty-six inches. As 
the size of angle A increases, the height F decreases. The ratio of angle A to the 
height F is in the range of 2:1 to 12:1 . This is an important feature of the invention in 
20 optimizing the separation of clay and various additives from water. 

The inside diameter G of tube 19 is preferably in the range of four inches 
to one-half of an inch. 

The height B of cylindrical walls 71, 71 A is preferably less than about four 
times the diameter C of walls 71 , 71 A . This is an important feature of the invention. 
25 Disks 20, 26, 80 to 82 typically rotate at speeds in the range of 500 to 

about 10,000 RPM, although speeds less than about 3000 RPM are presently preferred 
because greater speeds increase the rate at which seal 23 systems break down during 
rotation of tubing 19. The rotational speed of disks 20, 26, 80 to 82 can vary as 
desired. 
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The flow rate of material from apparatus 1 00 up through tubing 1 9, as well 
as the particle size distribution in fractions exiting opening 14 and tubes 15 and 16, can 
be controlled by varying the shape and dimension or any operational parameters of 
apparatus 100 in any desired manner; however, the following criteria are presently 
preferred. 

5 First, the inner diameter of tubing 19 is important. If, for example, the 

material fed into apparatus 100 contains particles that have a width of one and a half 
inches or less and the inner diameter of tubing 19 is three inches, then most of the 
material fed into apparatus 1 00 will travel up into tubing 1 9. If the width of some of the 
particles is greater than one and a half inch, then a tubing 19 with an inner diameter of 
10 three inches begins to restrict movement of material into tubing 19. Therefore, the 
inner diameter of tubing 1 9 can be sized to restrict the flow of material into tubing 1 9. 

Second, the flow rate of material into apparatus via orifice 18 affects the 
rate of flow of material into tubing 19. If, for example, material flows through orifice 18 
into apparatus 100 at a flow rate of 200 gallons/minute to 250 gal/min, the amount of 
15 material that will flow into tubing 19 often will only be 75 gal/min to 100 gal/min. 

Third, the diameter C of cylindrical walls 71, 71 A affects the rate of flow 
of material into tubing 19. 

Fourth, the inner diameter of opening 14 and tubing tubes 15 and 16 
affects the rate of flow of material into tubing 1 9. The inner diameters can, for example, 
20 be sized such that a certain size particle can not enter tubing 19 or tubes 15 and 16. 

Fifth, the angle A affects the flow rate of material into tubing 1 9. If angle 
A and the diameter C are selected and the size of opening 14 is known, then length F 
is "set" or can be calculated. 

Sixth, the position inside apparatus of tubes 15, 16, 51. Tubes 15, 16can 
25 be moved upwardly or downwardly to position the upper ends of each tube nearer or 
further from the lower end of tubing 19 in Fig. 4. Tube 51 can be moved upwardly or 
downwardly inside tubing 19 to position the lower end of tube 51 closer to or further 
from the lower end of tubing 19 in Fig. 4. 

Seventh, the rotational speed of the disks 20 and 26. 



-13- 



The seven factors noted above can also be used to vary the composition 
effractions exiting apparatus 200. The seven factors when applied to apparatus 100 
determine the composition of material that travels up through tubing 19 into apparatus 
200. The seven factors when applied to the configuration of apparatus 200 determine 
the composition effractions exiting apparatus in the directions indicated by arrows Y, 
5 W, X. 

By way of example, and not limitation, in one configuration of the 
apparatus 100 angle A is fifteen degrees, cylindrical wall 71 has a height B (Fig. 3) of 
thirty inches, wall 71 has a diameter of twenty-four inches, disks 20 and 26 have a 
diameter of eighteen inches, and tubing 1 9 has an inner diameter of three and three- 

10 quarters inches. 

By way of example, and not limitation, the apparatus of Fig. 4 can 
produce the following fractions when the apparatus has been used to process an 
inverted drilling mud that includes benzene, toluene, and kerosene, that includes 
particles that have a size in the range of from sub-micron to about one-half inch in 

15 width, and that is about 20-30% by weight solids and about 70% to 80% by weight 
water. Apparatus 100, 200 can process a material that is 50% by weight solids and 
50% by weight water, but it is preferred that the material consist of 20-30% by weight 
solids with the remainder being water or some other liquid. 

1 . The fraction passing outwardly through opening 14 of apparatus 
20 1 00 is at least 90% by weight solids and less than 1 0% by weight 

water. The solids consist primarily of shale chips and the largest 
sand particles. This material is, as will be discussed below, dry. 

2. The fraction passing outwardly through tube 15 in the direction 
indicated by arrow S7 consists of 85% to 88% by weight solids, 

25 with the remainder being water. The solids consist primarily of fine 

shale chips, fine sand, and the largest clay particles (five to ten 
microns). This material likely is dry unless it is comprised largely 
of sand. 

3. The fraction passing outwardly through tube 16 in the direction 
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indicated by arrow S8 consists of about 85% by weight solids, with 
the remainder being water. The solids consist primarily of 
bentonite clay particles. This material likely also is dry. 

4. The fraction passing outwardly through opening 64 in the direction 
indicated by arrow Y consists of about 95% by weight water and 
less than about 5% by weight solids. The solids consistp primarily 
of bentonite clay and humus particles. 

5. The fraction passing outwardly through tubing 65 in the direction 
indicated by arrow W is the clearest water produced and includes 
98% to 99% by weight water, with the remainder consisting of 
petroleum hydrocarbons and solids. 

6. The fraction passing outwardly through tubing 66 in the direction 
of indicated by arrow X consists of about 94 to 95% by weight 
petroleum hydrocarbons (kerozene, benzene, toluene), of about 
5% to 6% by weight water, and of a small amount of particulate, 
typically less than about 0.01%. 

One important advantage of the invention is that apparatus 100 produces 
material that is "dry". As used herein, dry means the material will pass the paint filter 
test. The paint filter test is well known and will not be explained in detail herein. 
However, for purposes of providing an overview, during the paint filter test, a quantity 
of material is placed in a cone or other shaped container comprised of paint filter paper. 
The quantity of material typically is generally about equivalent to an ice cream scoop 
full of the material. If within three to five minutes, water does not pass through the filter 
under the force of gravity to the underside of the filter and drop to the ground from the 
underside of the filter, the material is considered dry. Water beads can form on the 
underside of the filter, but if the drops do not fall and separate from the filter, the 
material in the filter is considered dry. If a material is dry, it only costs about $15.00 per 
ton to put in a landfill. If a material is wet, it costs about $200.00 per ton to put in a 
landfill. As described in the above example, the fraction exiting opening 14, the 
fraction exiting tubing 15 in the direction of arrow S7, and the fraction exiting tubing 16 
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in the direction of arrow S8 likely are all dry, which greatly reduces the cost of disposing 
of these materials in a landfill. 

Although the shape and dimension of apparatus 200 can be equivalent 
to that of apparatus 100, in most cases the shape and dimension of apparatus 200 is 
different than that of apparatus 100. Further, apparatus 200 is usually smaller than 
5 apparatus 100. For example, If the diameter of disks 20 and 26 is nineteen and one- 
half inches, then the diameter of disks 80 to 82 is thirteen and one-half inches. If the 
diameter of cylindrical wall 71 is twenty inches, then the diameter of cylindrical wall 71 A 
may be ten inches. The size of each disk 80 to 82 (or 20, 26) can be identical, as 
shown in Fig. 4, or the size of each disk 80 to 82 (or 20, 26) can vary from that of the 
10 other disks 80 to 82 (20, 26). 

One advantage of the petroleum drilling system of the invention is that the 
apparatus of Figs. 3 and 4 can be quickly installed at a drilling site with minimal 
expense. 

Another advantage of the petroleum drilling system of the invention is that 
15 it can process drilling mud and produce water that has a large portion of particulate and 
other chemicals removed, that is environmentally safe, and that can in many cases to 
disposed of by broadcasting the water on the land around the drilling site, that can be 
inserted in deep water injection wells, or than can be used to water livestock. The 
drilling system of the invention can process drilling mud before or after the mud has 
20 been injected into pipe 48. 

A further advantage of the petroleum drilling system of the invention is 
that it can completely eliminate the need to truck large quantities of drilling mud away 
from a drilling site. 

Still another advantage of the petroleum drilling system of the invention 
25 is that it eliminates the need to construct and man large settling tanks in which water 
is stored to permit particulate to separate out under gravity. 

Still a further advantage of the petroleum drilling system of the invention 
is that it can rapidly process large quantities of drilling mud. 

Yet another advantage of the petroleum drilling system of the invention 
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is that it permits drilling mud and/or water readily to be reused or recycled during the 
drilling process. 

Yet a further advantage of the petroleum drilling system of the invention 
is that it drastically reduces the amount of water necessary to drill a well. Drilling a well 
typically consumes from about 80,000 gallons to 250,000 gallons of water. Drilling 
5 systems constructed in accordance with the invention will typically consume only about 
25,000 to 30,000 gallons of water. This is possible because of the rapid throughput of 
the apparatus of Fig. 4 and because of the ability of the apparatus of Fig. 4 to remove 
a large proportion of the clay or additives in the water used in the drilling mud. 

Yet still another advantage of the invention is that a large portion of the 
10 water used to drill a well can be reclaimed. About 20,000 gallons of the 25,000 to 
30,000 gallons required normally can be successfully reclaimed. 

Yet still a further advantage of the invention is that, in addition to removing 
the necessity to truck toxic drilling mud away from a drilling site, the invention greatly 
reduces the cost of trucking water to the drilling site. 
15 Another advantage of the invention is that the separation achieved by 

apparatus 100, 200 is accomplished mechanically and does not normally require the 
use of floculants or other chemical additives. In fact, in many cases the pH of water 
produced by apparatus 100, 200 will approach neutral (pH of 7). 

The invention solves environmental, cost, and water shortage problems 
20 that have long been associated with drilling petroleum wells. 

Fig. 2 illustrates a petroleum storage tank 50. Petroleum 51 is directed 
into the tank 50 in the direction of arrow E through conduit 53. Petroleum 51 can be 
removed from the tank 50 in the directions indicated by arrows F, G, H through one or 
more conduits 54 to 56, respectively. The petroleum is stored in tank 50 to permit 
25 clays, silicas, and brine water to settle to the bottom of tank 50 to form a layer of 
sludge. It can require from one-half a month to six months for these materials to settle 
out of the petroleum. It typically will take at least sixty days for the clays, silicas, etc. 
to settle out of the petroleum. In another embodiment of the invention, petroleum 51 
is directed through the apparatus of Fig. 3 or, preferably, of Fig. 4 to rapidly remove 
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clays, silicas, etc. from the petroleum and to obviate having to store the petroleum 51 
in tank 50 for the purpose of settling out the clays, silicas, etc. by gravity. In a further 
embodiment of the invention, the sludge 52 at the bottom of a tank 50 is directed 
through the apparatus of Fig. 3 or Fig. 4 to separate petroleum hydrocarbons, clay, and 
other materials from the sludge. Disposing of sludge 52 presently can cost $500.00 per 

5 cubic meter. Processing the sludge 52 with the particle separation apparatus of Fig. 
3 or Fig. 4 can significantly reduce the cost of disposing of sludge 52. 

Another application of the particle separation apparatus of Figs. 3 and 4 
is to feed into the apparatus sand particles that are coated with oil and other materials 
and to use the apparatus to separate the oil from the sand and, possible, to separate 

10 the oil from any of the other materials. 

Having described my invention in such terms as to enable those of skill 
in the art to make and practice it, and having described the presently preferred 
embodiments thereof, I Claim: 
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